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Question 1. (40 min, 20 marks) 
Limestone (CaCO3) is decomposed to CaO and CO2 by the energy supplied from the 
combustion of CH4. Engineers use 50 % of excess air to ensure the complete combustion of 
methane (CH4). If methane, air and CaCO3 enter to the reactor at 25 oC and the product gas and 
CaO leave the reactor at 900oC. Calculate  
𝐶𝐶𝐶𝑂3 ∆
→ 𝐶𝐶𝑂 + 𝐶𝑂2 
𝐶𝐻4 → 𝐻2𝑂 + 𝐶𝑂2 
a) The maximum amount in Kg of CaCO3 that can be feed into the reactor per each m3 of 
methane (consider methane as an ideal gas with a pressure of 1 atm). 










CaCO3 100.08 0.82 -1206.9 
CaO 56.08 0.75 -635.5 
CO2 44.00 1.24 -393.25 
H2Ovapour 18.00 1.90 -241.83 
CH4 16.04 2.50 -49.96 
N2 28.00 1.05 0 
O2 32.00 0.99 0 
 
Question 2. (40 min, 20 marks) 
Binary system acetonitrile (1) and acetonitrile (2) conforms closely with the Raoult’s law. The 
following Antoine equations give vapour pressures for the pure species. 
𝐿𝐿𝑃1
𝑠𝑠𝑠 = 14.2724 − 2945.47
𝑇 + 224.0 
𝐿𝐿𝑃2
𝑠𝑠𝑠 = 7.6313 − 1566.69
𝑇 + 273.419 
a) Compare the equilibrium calculated from the Raoult’s law with the data in the table 
below. Use 5 data points 
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b) 100 moles of a mixture containing 50% of acetonitrile are separated on a flash 
distillation column at 318.15K. Calculate the mass and energy balance of the operation.  
 CP (J/mol K) ∆H (kJ/mol) 
Acetone 126.60 29.9 
Acetonitrile 92.39 33.2 
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Question 3. (40 min, 40 marks) 
Hydrogen is produced by the process below. In the reactor system, the conditions of conversion 
are adjusted so that the H2 content of the effluent from the reactor is 3 mol %. Based on the 
figure calculate: 
 
a) The composition of the feed is going into the reactor. 
b) Mole of recycle per mol of H2 produced 
 
𝐶𝑂 + 𝑂2 → 𝐶𝑂2 
𝐻2𝑂 → 𝐻2 + 𝑂2 
Reactions are not balanced 
